Introduction
Growing global demand actualizes the search for alternative sources of natural rubber, as material from Hevea brasiliensis is unreliable. According to the production experience of USSR, Taraxacum kok-saghyz Rodin, also known as Russian dandelion, is the most economically efficient option for a temperate climate zone (Kuptsov 1942 , Kuluev et al. 2015 , McAssey et al. 2016 . Kok-saghyz is a perennial herb of the Asteraceae family. Its roots are a source of high quality latex, which is used for the production of rubber (Uteulin et al. 2014) , inulin (polysaccharide composed mainly of fructose units, u s e d i n p h a r m a c y a s m e d i c a l a n d d i e t a r y supplement), and ethanol. Kok-saghyz can be commercially advantageous due to the high concentration of rubber in its roots (Buranov and Elmuradov 2010) . Therefore there is a need to develop protocols for its genetic transformation for applied research, such as metabolic engineering. Genetic engineering could be very efficient for the improvement of agronomical value and metabolic activity of kok-saghyz as a targeted tool to enhance certain traits (Zhang et al. 2015) , such as the content and quality of rubber in the roots and yield. Agrobacterium rhizogenes-mediated transformation is one of the methods of genetic modification of plants. A. rhizogenes contains native bacterial rol genes that frequently transfer along with target g e n e s . T h e s e r o l g e n e s a l t e r e n d o g e n o u s concentration of plant hormones and enhance the growth of developed hairy roots. Moreover, hairy roots can be used to generate transgenic plants (Christey and Braun 2005, Kuluev et al. 2016) . The purpose of our study was to determine an appropriate way to sterilize the seeds of kok-saghyz, to perform А. rhizogenes-mediated transformation to achieve hairy roots and transgenic plants.
injected in the stem area with a needle, covered in A. rhizogenes, taken from a Petri dish. For the third method, the roots were dissected away, and A. rhizogenes, taken from a Petri dish, were put on the underside of separated stems. The plants were dipped vertically in solid half-strength MS medium. Plants used as a control were treated the same way, but were not inoculated with A. rhizogenes. After 3 days of incubation, explants and inoculated plants were transferred to hormone-free basal half-strength MS medium with addition of 400 mg/L of cefotaxime in order to achieve adventive roots. In the case of the injection method, primary roots were cut off 4 weeks af ter t he development of ad ventive roots. Transformation efficiency was expressed as ratio of transformed explants or seedlings to their total amount. In the experiments, 30-40 explants (seedlings in methods 2 and 3) were used for each variant. Average values were counted for each experiment separately, and then overall value for all experiments was evaluated. These numbers with a standard error are presented in the tables. Student's t-tests were performed to determine the statistical difference in transformation efficiency between two treatments using the Instat 2.03 statistical package (GraphPad Software, San Diego, USA).
GUS expression analysis
To identify the GUS activity in hairy roots, we dissected lateral roots and incubated them in histochemical reagent X-Gluc ("Fermentas") at +37ºС for 1 to 24 hours. To prepare histochemical reagent 15 mg of X-Gluc were suspended in 20% methanol, containing 0.08% Triton X-100, 0.16% potassium ferrocyanide, 8 mM Na 2 EDTA and 80 mM Na 2 HPO 4 , pH 7.0. After the incubation, dissected roots were soaked in 50% glycerol-water solution, and then observed with a microscope.
PCR-analysis
Extraction of hairy roots total DNA was carried out using the cetyltrimethylammonium bromide (CTAB) method (Rogers and Bendich 1985) . Once the DNA had been extracted, the polymerase chain reaction (PCR) analysis was performed to verify the presence of rol genes. 5'-AATAAACGTTGTCGGAATGG-3' and 5'-TAACCCCGTAGGTCTGAATA-3' primers were used to identify rolA gene. The size of the amplicon was 267 bp, with optimal annealing temperature 55ºС. 5'-TTCAGATTTACTATAGC AGGC-3' and 5'-GCAAGTACCTTGTTCATTC A-3' primers were used to identify rolB gene. The size of the amplicon was 266 bp, with optimal annealing temperature 54ºС. Nucleotide sequences
Materials and Methods

Plant material and sterilization of seeds
Mature achenes of T. kok-saghyz came from the collection of Bonn University Botanic Gardens (Germany) and were reproduced at the greenhouse of Institute of Biochemistry and Genetics of Ufa Scientific Center of RAS.
The seeds, cleared from pappus, were washed in water with detergent agent (Tween 20) and then soaked in 70% ethanol for 3 minutes. Then the seeds were immersed in different concentrations of sodium hypochlorite (NaClO) solution, or 0.1% HgCl 2 solution, with addition of a drop of Tween 20. Each variation of experiment included 90 seeds. Aseptic seeds were kept in sterile water until they are swollen up (for 2 hours). Floating seeds were removed. After swelling, the seeds were dried on sterile filter paper and placed on half-strength Murashige and Skoog (MS) medium with 1% sucrose and 0.6% gelrite in aseptic conditions. Petri dishes were kept in darkness at +5°С for 14 days, and then transferred to Binder growth climatic chamber (Germany), equipped with fluorescent grow lamps Fluora, at +24°C under 100 μmol m −2 sec −1 photon flux density and photoperiod of 16/8 hours (day/night). Germination and contamination rate was expressed as percentage of plated seeds. T h e a v e r a g e v a l u e w a s c o u n t e d f o r t h r e e replications.
Transformation
We used A4 and 15834 strains of A. rhizogenes, transformed with binary vector рCambia 1301, that contains reporter GUS gene with catalase intron and selective hpt gene of hygromycin phosphotransferase, encoding tolerance for the antibiotic hygromycin (http://www.cambia.org). Bacterial cultures were grown in Petri dishes on solid Lysogeny broth (LB) medium (Sambrook 2001 ) with addition of 100 mg/L rifampicin and 50 mg/L kanamycin, or in liquid LB medium (120 rpm, 28ºС, 20 hours) with the same antibiotics. Bacterial cultures were centrifuged at 3500 g for 15 minutes and then resuspended in liquid half-strength MS medium with the addition of 100 µmol acetosyringone. Three week old sterile plants were used for transformation. It was performed using three methods. In the first method, petiole explants of T. kok-saghyz, grown in vitro, were kept in agrobacterial suspension for 30 minutes, blotted dry on the sterile filter paper and then moved to halfstrength MS medium for co-cultivation in darkness. In the second method, intact sterile plants were concentrations the seeds did not germinate even after 30 days, however, this method prevented contamination completely (Table 1) . Moreover, the color of the seeds gradually changed from light to dark brown. Consequently, HgCl 2 is inappropriate for the sterilization of kok-saghyz seeds because of its toxicity.
We achieved better results, using solutions of NaClO as a sterilizing agent. However, it was impossible to prevent contamination and maintain sufficient germination rate in the meantime. The immersion of kok-saghyz seeds in a 2.0-2.5% sodium hypochlorite solution for 10 minutes (Table  1) notably reduced contamination and did not affect seed germination, so it is considered to be the best method of sterilization. Further increase of the NaClO concentration and prolongation of the treatment resulted in a dramatic reduction in germination rate, as well as in the reduction of the contamination. No change in seed color was observed, using this sterilizing agent, which means it is not as toxic as HgCl 2 .
Agrobacterium-mediated transformation of T. kok-saghyz. All sterile plants of T. kok-saghyz were used for transformation with A4 and 15834 A. rhizogenes strains. Roots are considered to be the best explants for the transformation and development of transgenic shoots for plants of the Taraxacum genus (Lee et al. 2004 , Zhang et al. 2015 because they demonstrate high capacity for regeneration. But of the rol genes are available at X64255.1. To avoid the risk of contamination of hairy roots with agrobacteria, we performed PCR analysis for chromosomal gene of A. rhizogenes (WP_0345 23040) using primers 5'-CCCGCACCCGATCCA AGACAAACTCA-3' and 5'-CGCCCGAAGCCTC ACCCACGAAC-3'. The size of the amplicon was 476 bp, with optimal annealing temperature 62ºС. All primer pairs were selected using PrimerSelect program of Lasergene package (DNAStar, USA). The electrophoresis of the PCR products was performed on 1.0% agarose gel under a constant voltage of 80 V. The gel was subsequently stained with ethidium bromide solution and examined under UV light.
Results and Discussion
Sterilization of seeds and aseptic germination
It is crucial for germination to break seed dormancy. Some studies show that gibberellic acid, ethylene and brassinosteroids can stimulate the emergence of seedlings, and abscisic acid is a repressor of this process (Shu et al. 2016) . The seeds of kok-saghyz require stratification to germinate. After sterilization they were kept in cold for 14 days and then transferred to a climate chamber. Under such conditions 45-60% of seeds germinated within next 7-10 days. After sterilization with HgCl 2 in different НgCl 2 , 0.1% 1 : 2* 7 0 ± 0 0 ± 0 1 : 4 7 0 ± 0 0 ± 0 1 : 6 7 0 ± 0 0 ± 0 NaClO 0.5% 10 46.0 ± 5.2 95.5 ± 1.5 1.0% 15 45.8 ± 3.0 10.6 ± 1.2 1.5% 10 47.6 ± 1.6 63.8 ± 2.9 2.0% 10 57.3 ± 2.3 10.5 ± 1.6 2.5% 10 48.0 ± 1.6 5.9 ± 0.6 2.5% 15 6.6 ± 2.3 1.4 ± 0.7 *We used water solution of original 0.1% НgCl 2 (1:2; 1:4 and 1:6 dilution rate) The symbols * indicate statistical significant difference at P < 0.01. in our opinion, true roots are not the most suitable to produce hairy roots. For successful transformation and regeneration of transgenic plants, rootlets more 1 mm diameter are required (Zhang et al. 2015) , and they are hard to obtain in aseptic culture. Our earlier experiments showed that majority of dissected roots necrotize within 1-2 weeks of cultivation. It is necessary to modify the composition of cultivation medium to overcome this problem. Transformation of petioles (method 1) was unsuccessful regardless of the A. rhizogenes strain (Table 2) . Soon after the co-cultivation we observed browning and then death of the explants. Hairy roots did not develop. All modifications of the basal halfstrength MS medium, including ascorbic acid (1-10 mg/L) and PVP (400-600 mg/L), were ineffective. Transgenic cells appeared, but did not survive further cultivation.
On the contrary, two other methods (using intact plants of T. kok-saghyz) appear to be rather effective ( Table 2) . Cells of stems proved to be competent for transformation. 7-12 days after inoculation, indicative blue coloring was observed in the cutoff or injection area of transformed plants during the incubation in histochemical reagent (Fig. 1A) . This gives the evidence of introduction and expression of reporter GUS gene in the cells. The development of adventive roots of control kok-saghyz plants was observed in 7-10 days in the cutoff or injection area. The pattern of root development or their growth rates did not differ between inoculated and control plants (Fig. 1B) .
After the appearance of adventive roots, the seedlings were moved to the medium with lower cefotaxime concentration (200 mg/L) in order to eliminate the remaining bacteria. In order to maintain root growth, we did not remove them from the plant during first 2-3 transfers. Then the roots were separated and cultivated in liquid half-strength MS medium (Fig. 2A) .
A c t i v e g r o w t h , l a t e r a l b r a n c h i n g a n d plagiotropism are considered as morphological markers of rol gene transformation. However, we also used histochemical analysis to indicate the fact of the transformation. Blue coloring in the roots after the incubation in histochemical reagent X-Gluc testified the presence of GUS gene and its expression (Fig. 2B) . Moreover, we conducted PCR analysis of 14 lines of kok-saghyz hairy roots to detect rolA and rolB genes. All GUS+ five root samples were positive for both rol genes (Fig. 2C) , which is another evidence of transformation success. All GUS-root samples of kok-saghyz characterized by the absence of rolA and rolB genes (Fig. 2C) . No bacterial contamination was indicated, all the samples were negative for chromosomal A. rhizogenes gene WP_034523040.
It is known that, unlike disarmed strains of A. tumefaciens, laboratory strains of A. rhizogenes contain native bacterial rol genes that are frequently transferred along with target genes, located on the binary vector. This is why transformation efficiency can vary widely depending on the A. rhizogenes strain. Indeed, we observed differences in transformation rates between A4 and 15834 strains (Table 2) . A4 showed better results in both methods 2 and 3. The method 2 appeared more effectively than a method 3 (P < 0.01, Student's t-tests). Our results on both the transformation efficiency and the efficiency of the strains are consistent with the results of Mahesh and R. Jeyachandran (2011) obtained by transformation of Taraxacum officinale with A. rhizogenes. They found that strain A4 is more effective than 15834, and the transformation efficiency was about 50-90%, depending on the conditions of the experiment.
Spontaneous regeneration of shoots from the root explants on non-hormonal medium appears to be a characteristic feature of morphogenesis in tissue culture of kok-saghyz (Uteulin 2015) . The endogenous hormone level of the plant itself might be sufficient to induce regeneration. We observed spontaneous development of the shoots from hairy roots of kok-saghyz (Fig. 2D) , including the ones expressing reporter GUS gene, which manifested in the blue coloring of the leaves of achieved plants (Fig. 2E) . It seems that regeneration of the shoots from transgenic roots of kok-saghyz can be enhanced by using hormonal media. This is a field for further studies.
It should be noted that in the world there is a growing interest in the genetic engineering of koksaghyz. For example, there is a recently published research on the CRISPR/Cas9 genome editing of this plant using A. rhizogenes (Iaffaldano et al. 2016) . In this study, hairy roots of T. kok-saghyz with broken 1-FFT gene were obtained without selective antibiotic, and then regenerated plants of T. kok-saghyz were produced from these hairy roots. In this study, as in Zhang et al. (2015) , root segments w e r e u s e d f o r A g r o b a c t e r i u m -m e d i a t e d transformation. In our experiments the transformation of the intact plants proved to be the most effective.
Consequently, we discovered that A4 strain was more effective in transformation of T. kok-saghyz than 15834. Injection in the stem of intact plants appeared to be the best of three methods tested in this study. In this case, up to 65% of inoculated plants can develop hairy roots, expressing reporter GUS gene and target genes as well. We optimized the methods of sterilization, stratification of koksaghyz seeds and its agrobacterium-mediated transformation that can be used not only for the production of hairy roots, but also transgenic plants with essential agronomic traits.
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